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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re the Application of 
Ulrich BAURMEISTER 

Application No.: New U.S. National Stage Application 
ofPCT/EPOO/09179 

Filed: April 5, 2002 Docket No.: 112358 

For: MEMBRANE MODULE FOR HEMODIAFILTRATION WITH INTEGRATED PRE- 
OR POST-DILUTION OF THE BLOOD 

PRELIMINARY AMENDMENT 

Director of the U.S. Patent and Trademark Office 
Washington, D. C. 20231 

Sir: 

Prior to initial examination, please amend the above-identified application as follows: 
IN THE ABSTRACT : 

Please replace the Abstract filed with the attached Abstract hereto. 
IN THE SPECIFICATION : 

Page 1, delete "AGW2513" in the upper left comer. 

Please replace paragraph [0001] as follows: 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 

Page 1, after paragraph [0002], please insert new paragraph [0002.1] as follows: 
~2. Discussion of Related Art — 

Page 5, after paragraph [0019], please insert new paragraph [0019.1] as follows: 
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"SUMMARY OF THE 1NVENTION-- 
Page 5, after paragraph [0021], please insert new paragraphs [0021.1] - [0021.11] as 

follows: 

[0021.1] BRIEF DESCRIPTION OF DRAWINGS 

[0021.2] Figure 1 shows a longitudinal section through a membrane module of the 
invention with throttles integrated into a dividing wall in the form of short capillaries 
arranged around the bundle of hollow-fiber membranes in a ring shape. 

[0021.3] Figure 2 shows a longitudinal section through a membrane module of the 
invention with throttles integrated in to a dividing wall in the form of long capillaries that are 
arranged around the bundle of hollow-fiber membranes in a ring shape. 

[0021.4] Figure 3 shows a segment of a longitudinal section through a membrane 
module of the invention with a dividing wall embedded in a sleeve and a throttle in the form 
of an annular gap formed between the sleeve and the housing inner wall. 

[0021.5] Figure 4 shows a segment of a longitudinal section through another 
embodiment of a membrane module of the invention with a dividing wall embedded into a 
sleeve and a throttle in the form of an annular gap between the sleeve and housing inner wall. 

[0021.6] Figure 5 shows a segment of a longitudinal section through a membrane 
module of the invention with an adjustable throttle in the form of an annular gap formed by 
wedges that are displaceable with respect to each other. 

[0021.7] Figure 6 shows a segment of a longitudinal section through a membrane 
module of the invention with a sterile filter integrated into the housing and throttles in the 
form of short capillaries in the area of the inner substituate-space section. 

[0021.8] Figure 7 shows a segment of a longitudinal section through a membrane 
module of the invention with a sterile filter integrated into the housing and throttles in the 
form of short capillaries in the area of the outer substituate-space section. 
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[0021.9] Figure 8 shows a segment of a longitudinal section through a membrane 
module of the invention with a sterile filter integrated into the housing and throttles in the 
form of an annular gap between the sleeve and housing inner wall in the area of the outer 
substituate-space section. 

[0021.10] Figure 9 is a schematic representation of a hemodiafiltration system that 
uses a membrane module of the invention. 

[0021.11] DESCRIPTION OF PREFERRED EMBODIMENTS 

Please delete paragraphs [0064] through [0072]. 
IN THE CLAIMS : 

Please replace claims 1-21 as follows: 

1 . (Amended) A membrane module for hemodiafiltration, comprising a 
cylinder-shaped housing with a longitudinal extent, and in the housing a bundle of hollow- 
fiber membranes with semipermeable walls and capable of supporting fluid flow through 
lumina is arranged in a direction of the longitudinal extent of the housing, one end of the 
hollow-fiber membranes being embedded in a fluid-tight manner in a first seaUng compound 
joined to a housing inner wall in a fluid-tight manner and a second end of the hollow fiber 
membranes being embedded in a fluid-tight manner in a second sealing compound joined to 
the housing inner wall in a fluid-tight manner, wherein an exterior space delimited by the first 
and second sealing compounds and the housing inner wall is formed around the hollow-fiber 
membranes, the exterior space along the longitudinal extent of the housing being divided into 
a dialyzate space and a substituate space by a dividing wall comprising a substantially 
dimensionally stable material, enclosing each of the hollow-fiber membranes, and arranged 
substantially transversely to the hollow-fiber membranes, the dialyzate space and substituate 
space each having at least one opening for introducing or draining a fluid, wherein at least 
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one throttle is arranged in the exterior space by which the dialyzate space and substituate 
space are in fluid communication with each other. 

2. (Amended) The membrane module according to Claim 1, wherein the 
dividing wall is joined to the housing inner wall in a fluid-tight manner and the at least one 
throttle is integrated into the dividing wall. 

3. (Amended) The membrane module according to Claim 2, wherein the at 
least one throttle integrated into the dividing wall is at least one capillary, via the lumen, of 
which the dialyzate space and substituate space are in fluid communication with each other. 

4. (Amended) The membrane module according to Claim 3, wherein the at 
least one capillary extends through the dialyzate space and terminates in the area of the 
second sealing compound delimiting the dialyzate space, and the opening of the dialyzate 
space is adjacent to the dividing wall. 

5. (Amended) The membrane module according to Claim 3, wherein a 
plurality of capillaries are inserted into the dividing wall, the capillaries being arranged 
around the bundle of hollow-fiber membranes. 

6. (Amended) The membrane module according to Claim 3, wherein a single 
capillary extending through the dialyzate space is inserted into the dividing wall, the capillary 
being centrally arranged in the bundle of hollow-fiber membranes. 

7. (Amended) The membrane module according to Claim 1 , wherein the at 
least one throttle is an annular gap that is formed between the dividing wall and the housing 
inner wall. 

8. (Amended) The membrane module according to Claim 1, wherein the 
dividing wall is embedded in a sleeve and the at least one throttle is an annular gap that is 
formed between an outside of the sleeve and the housing inner wall. 
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9. (Amended) The membrane module according to Claim 1, wherein a 
plurality of throttles are arranged in a form of annular-gap segments in the dividing wall 
around the bundle of hollow-fiber membranes or along a periphery of the dividing wall. 

10. (Amended) The membrane module according to Claim 1, wherein the at 
least one throttle is adjustable. 

1 1 . (Amended) The membrane module according to Claim 1 , wherein viewed 
in a direction of the longitudinal extent of the cylinder-shaped housing, a ratio Ld/Ls, wherein 
Ld is the length of the dialyzate space and Ls is the length of the substituate space, is between 
3 and 20. 

12. (Amended) The membrane module according to Claim 1 1 , wherein the 
ratio is between 5 and 15. 

1 3 . (Amended) The membrane module according to Claim 1 , wherein the 
dividing wall consists of a sealing compound. 

14. (Amended) The membrane module according to Claim 13, wherein the 
dividing wall and the first and second sealing compounds are made of the same material. 

15. (Amended) The membrane module according to Claim 1 , wherein the 
dividing wall has a thickness between 1 and 1 5 mm. 

16. (Amended) The membrane module according to Claim 1 , wherein an inside 
of the cylinder-shaped housing in the area of the dialyzate space tightly encloses the bundle 
of hollow-fiber membranes, and the cylinder-shaped housing exhibits an expanded cross- 
section in an area of the dividing wall and the substituate space. 

1 7. (Amended) The membrane module according to Claim 1 , wherein in an 
area of the substituate space, a sterile filter is arranged around and encloses the bundle of 
hollow-fiber membranes. 
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1 8. (Amended) The membrane module according to Claim 1 7, wherein the 
sterile filter is a microporous flat membrane. 

19. (Amended) The membrane module according to Claim 1 , wherein the 
hollow-fiber membranes have an ultrafiltration rate for water of from 20 to 1500 ml/(h • m • 
mmHg). 

20. (Amended) The membrane module according to Claim 1 , wherein the 
hollow-fiber membranes are impermeable to endotoxins. 

2 1 . (Amended) A process of hemodiafiltration comprising: 
introducing blood into a blood inlet at one end of the membrane module of claim 1, so 
that the blood flows through the lumina of the hollow-fiber membranes; 
introducing a dialysis liquid into the substituate space; 

delivering a portion of the dialysis liquid as a substituate to the blood flowing through 
the lumina of the hollow-fiber membranes via the walls of the portions of the hollow-fiber 
membranes located in the substituate space, wherein a majority of the dialysis liquid is 
directed by the at least one throttle as dialyzate fi-om the substituate space into and flows 
through the dialyzate space, thereby taking up in the dialyzate space an ultrafiltrate 
withdrawn fi-om the blood via ultrafiltration through the walls of the hollow fiber membranes, 
so that the substances normally eliminated in the urine are removed from the blood; 

withdrawing the dialyzate mixed with the ultrafiltrate firom the dialyzate space; and 
recovering the blood firom a blood outlet at an opposite end of the membrane module. 

REMARKS 

Claims 1 - 21 are pending. By this Preliminary Amendment, the specification and 
claims are revised to better conform to U.S. practice, including adding section headings and 
addressing antecedent basis issues. Accordingly, no new matter is added by this Preliminary 
Amendment. 
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Claim 21 is amended to eliminate "use" language. The process language of amended 
claim 21 is supported by the specification, for example Figures 1-9 and supporting 
description thereof. 

The attached Appendix includes marked-up copies of each rewritten paragraph (37 
C.F.R. §1.121(b)(l)(iii)) and claim (37 C.F.R. §1.121(c)(l)(ii)). 

A prompt and favorable examination on the merits is eamestly solicited. The 
Examiner is invited to contact the undersigned representative to discuss any matter with 
respect to this application. 
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APPENDIX 

Changes to Abstract: 

The following is a marked-up version of the amended Abstract: 

MEMBRA>JE MODULE FOR HEMQDIAFILTR.\TION WITH 
INTEGRATED PRE OR POST DILUTION OF THE BLOOD 

Abstract: 

ABSTRACT 

A membrane module for hemodiafiltration having a cylinder-shaped housing (4^ and a 
bundle of hollow-fiber membranes (3) capable of supporting fluid flow and arranged in the 
direction of the longitudinal extent of the housing (i^. The ends of the hollow-fiber 
membranes {3) are embedded in a fluid-tight manner in first and second sealing compounds 
(3-4) joined to the housing inner wall in a fluid-tight manner. The exterior space formed 
around the hollow-fiber membranes (3) and delimited by the first and second sealing 
compounds (3i4) and the housing inner wall is divided along the longitudinal extent of the 
housing ^ into a dialyzate space (44) and a substituate space flO) by a dividing wall (9) that 
is made from a substantially dimensionally stable material. The dividing wall (9) encloses 
each hollow-fiber membrane (3) and is arranged substantially transversely to the hollow-fiber 
membranes (3). The dialyzate space (44^ and substituate space (i©) each have at least one 
opening (13, H) for introducing or draining a fluid. In the exterior space, at least one throttle 
is arranged by which the dialyzate space (44^ and substituate space (10) are in fluid 
communication with each other. 

Figur e 1 
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Changes to Specification: 

The following is a marked-up version of the amended paragraph: 
[0001] Description: 

BACKGROUND OF THE INVENTION 
1 . Field of the Invention 
Changes to Claims: 

The following are marked-up versions of the amended claims: 
1 . (Amended) Membran e A membrane module for hemodiafiltration, 
comprising a cylinder-shaped housing ^ with a longitudinal extent, in which and in the 
housing a bundle of hollow-fiber membranes with semipermeable walls and capable of 
supporting fluid flow through tiiei^ lumina is arranged in the a direction of the longitudinal 
extent of the housing the ends one end of the hollow-fiber membranes being embedded in 
a fluid-tight manner in a first and s e cond sealing compounds compound (M) joined to the a 
housing inner wall in a fluid-tight manner and a second end of the hollow fiber membranes 
being embedded in a fluid-tight manner in a second sealing compound joined to the housing 
inner wall in a fluid-tight manner , such that wherein an exterior space delimited by the first 
and second sealing compoxmds and the housing inner wall is formed around the hollow- 
fiber membranes (3), the exterior space along the longitudinal extent of the housing ^ being 
divided into a dialyzate space and a substituate space (4-0) by a dividing wall (9) that is 
made from comprising a substantially dimensionally stable material, enclos e s enclosing each 
of the hollow-fiber membran e membranes (3), and is arranged substantially transversely to 
the hollow-fiber membranes (3), the dialyzate space fl4) and substituate space (iO) each 
having at least one opening (13, 11) for introducing or draining a fluid, characteriz e d in that 
wherein at least one throttle is arranged in the exterior space via by which the dialyzate space 
(44) and substituate space (4-0) are in fluid commvinication vsdth each other. 
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2. (Amended) Membrane The membrane module according to Claim 1 , 
characterized in that wherein the dividing wall (9) is joined to the housing inner wall in a 
fluid-tight manner and the at least one throttle is integrated into the dividing wall (9). 

3. (Amended) Membrane The membrane module according to Claim 2, 
characterized in that wherein the at least one throttle integrated into the dividing wall (9) is at 
least one capillary (12,18) , via the lumen^ of which the dialyzate space (44) and substituate 
space flO) are in fluid communication with each other. 

4. (Amended) Membrane The membrane module according to Claim 3, 
characterized in that wherein the at least one capillary (i*) extends through the dialyzate 
space and terminates in the area of the second sealing compound (4) delimiting the dialyzate 
space (14)^ and that the opening of the dialyzate space (44) is adjacent to the dividing wall 
(9). 

5 . (Amended) Membrane The membrane module according to one or more of 
Claims Claim 3 e^, characterized in that wherein a plurality of capillaries (12,18) are 
inserted into the dividing wall (9), the capillaries being arranged around the bundle of 
hollow-fiber membranes (3). 

6. (Amended) Membran e The membrane module according to Claim 3, 
charactorizod in that wherein a single capillary (12,18) extending through the dialyzate space 
(14^ is inserted into the dividing wall (9), the capillary being centrally arranged in the bundle 
of hollow-fiber membranes {3). 

7. (Amended) Membrane The membrane module according to Claim 1 , 
charact e rized in that wherein the at least one throttle is an annular gap (30) that is formed 
between the dividing wall (9) and housing inner wall. 

8. (Amended) M e mbran e The membrane module according to Claim 1, 
charact e riz e d in that wherein the dividing wall (9) is embedded in a sleeve (19,21,21) and 
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that the at least one throttle is an annular gap (20) that is formed between ^ mi outside of the 
sleeve (19,21,21) and the housing inner wall. 

9. (Amended) Mombranc The membrane module according to Claim 1, 
characterized in that wherein a pluraUty of throttles are arranged in the a form of annular-gap 
segments in the dividing wall (9) around the bundle of hollow-fiber membranes (3) or along 
^ a periphery of the dividing wall (9). 

1 0. (Amended) Membrane The membrane module according to Claim 1 , 
characterized in that wherein the at least one throttle is adjustable. 

1 1 . (Amended) Membrane The membrane module according to one or more of 
Claims Claim 1 to 10 , characteriz e d in that, wherein viewed in the a direction of the 
longitudinal extent of the cylinder-shaped housing (i), the a ratio Ld/Ls of the l e ngth, wherein 
Ld is the length of the dialyzate space (11) to the length and Ls is the length of the substituate 
space (10)i is between 3 and 20. 

12. (Amended) Membrane The membrane module according to Claim 1 1 , 
characteriz e d in that wherein the ratio is between 5 and 15. 

1 3 . (Amended) Membrane The membrane module according to one or mor e of 
Claims Claim 1 te-4S, characteriz e d in that wherein the dividing wall (9) consists of a sealing 
compound. 

1 4. (Amended) Membrane The membrane module according to Claim 1 3 , 
characteriz e d in that wherein the dividing wall (9) and tiie first and second sealing 
compounds (3, 1) are made of the same material. 

1 5 . (Amended) Membrane The membrane module according to one or more of 
Claims Claim 1 te-M, charact e rized in that wherein the dividing wall (9) has a thickness 
between 1 and 1 5 mm. 
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1 6. (Amended) M e mbrane The membrane module according to on e or mor e of - 
Claims Claim 1 to 15 , charact e riz e d in that wherein an inside of the cylinder-shap ed housing 
(4) in the area of tiie dialyzate space (44^ tightly encloses the bundle of hollow-fiber 
membranes^ (3) with its inside and the cylinder-shaped housing exhibits an expanded cross- 
section in ^ mi area of tiie dividing wall (9) and tiie substituate space fiO). 

1 7. (Amended) Membrane The membrane module according to one or more of 
Claims Claim 1 to 16 , characterized in that, wherein in ^^e an area of tiie substituate space 
(W), a sterile filter (28) is arranged around and encloses the bundle of hollow-fiber 
membranes (2) and e nclos e s the bundle . 

1 8. (Amended) M e mbrane The membrane module according to Claim 1 7, 
characterized in that wherein the sterile filter (28) is a microporous flat membrane. 

1 9. (Amended) Membrane The membrane module according to one or more of 
claims Claim 1 to 18 , characteriz e d in that wherein the hollow-fiber membranes (2) have an 
ultrafiltration rate for water between of from 20 and to 1500 ml/(h - m^ • mmHg). 

20. (Amended) Membran e The membrane module according to one or more of 
Claims Claim 1 to 1 9 , characterized in that wherein the hollow-fiber membranes ^ are 
impermeable to endotoxins. 

21. (Amended) Use of the membrane modul e according to one or mor e of 
Claims 1 to 20 for A process of hemodiafiltration comprising: 

introducing blood into a blood inlet at one end of the membrane module of claim L so 
that the blood flows through the lumina of the hollow-fiber membranes; 
introducing a dialysis liquid into the substituate space: 

delivering a portion of the dialysis liquid as a substituate to the blood flowing through 
the lumina of the hollow-fiber membranes via the walls of the portions of the hollow-fiber 
membranes located in the substituate space, wherein a majority of the dialysis liquid is 
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directed by the at least one throttle as dialvzate from the substituate space into and flows 
through the dialvzate space, thereby taking up in the dialyzate space an ultrafiltrate 
withdrawn from the blood via ultrafiltration through the walls of the hollow fiber membranes, 
so that the substances normally eliminated in the urine are removed from the blood: 

withdrawing the dialyzate mixed with the ultrafiltrate from the dialyzate space: and 
recovering the blood from a blood outlet at an opposite end of the membrane module . 



A-6 



ABSTRACT 



A membrane module for hemodiafiltration having a cylinder-shaped housing and a 
bundle of hollo w-fiber membranes capable of supporting fluid flow and arranged in the 
direction of the longitudinal extent of the housing. The ends of the hollow-fiber membranes 
are embedded in a fluid-tight manner in first and second sealing compounds joined to the 
housing inner wall in a fluid-tight manner. The exterior space formed around the hollow-fiber 
membranes and delimited by the first and second sealing compounds and the housing inner 
wall is divided along the longitudinal extent of the housing into a dialyzate space and a 
substituate space by a dividing wall that is made from a substantially dimensionally stable 
material. The dividing wall encloses each hollow-fiber membrane and is arranged 
substantially transversely to the hollow-fiber membranes. The dialyzate space and substituate 
space each have at least one opening for introducing or draining a fluid. In the exterior space, 
at least one throttle is arranged by which the dialyzate space and substituate space are in fluid 
communication with each other. 
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MEMBRANE MODULE FOR HEMODIAFILTRATION WITH 
INTEGRATED PRE- OR POST-DILUTION OF THE BLOOD 



[0001] Description: 

[0002] The invention relates to a membrane module for hemodiafiltration, 
comprising a cylinder-shaped housing with a longitudinal extent housing a bundle of 
hollow-fiber membranes with semipermeable walls and capable of supporting fluid 
flow through their limiina arranged in the direction of the longitudinal extent of the 
housing. The ends of the hollow-fiber membranes are embedded in a fluid-tight 
maimer in first and second sealing compounds joined to the housing inner wall in a 
fluid-tight manner such that an exterior space delimited by the first and second sealing 
compounds and the housing inner wall is formed around the hollow-fiber membranes. 
The exterior space along the longitudinal extent of the housing is divided into a 
dialyzate space and a substituate space by a dividing wall that is made firom a 
substantially dimensionally stable material, encloses each hollow-fiber membrane, 
and is arranged substantially transversely to the hollow-fiber membranes, the 
dialyzate and substituate spaces each have at least one opening for introducing or 
withdrawing a fluid. 

[0003] Hemodiafiltration is a combined membrane-based process for blood 
purification in which hemodialysis and hemofiltration are conducted concurrently. 
This process combines the advantages of convective substance transport in 
hemofiltration with those of diffusion in hemodialysis. In hemofiltration, blood is 
passed along the membrane of a hemofilter, a portion of the blood liquid being 
withdrawn through the membrane by ultrafiltration. This partial stream is replaced by 
a sterile and pyrogen-firee substitution liquid, or substituate, that is delivered to the 
extracorporeal blood stream either upstream fi-om the hemofilter in the form of pre- 
dilution or downstream firom the hemofilter in the form of post-dilution. In addition, 
in hemodiafiltration the usual hemodialysis is conducted as well, wherein a dialysis 
liquid or dialyzate is passed along the membrane of the hemodialyzer such that 
substances usually eliminated with the urine can be removed througli the membrane. 

[0004] The combination of diffiisive substance transport with convective 
substance transport in hemodiafiltration permits the advantageous removal of more 
than only substances fi-om the blood having a low molecular weight that are usually 
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eliminated with the urine. Slowly diffusing medium molecules with molecular 
weights from about 1 to 55 kD profit especially from the convective substance 
transport, and that is all the more so as these molecules increase in size and as the 
filtrate stream through the membrane increases. Typically, at about 60 kD, the 
membranes are intended to be essentially impermeable, so that the patient does not 
pass more than 4 g of protein fi-om the blood into the dialyzate during a 4-hour 
treatment. 

[0005] In the conventional hemodialysis process, only the amount of liquid 
the patient has taken in between the dialysis treatments is removed fi-om the blood via 
the dialysis membrane as ultrafiltrate. The amount of liquid removed in this process 
is about 6 to 8% of the blood volimie stream. In conducting current hemodialysis 
processes, so-called volume-controlled dialysis machines are generally used. They 
monitor the net amount of liquid removed according to the preset net filtration by 
balancing the dialysis liquid stream fed to the dialyzer with the dialyzate stream 
withdrawn fi-om the dialyzer, 

[0006] In hemodiafiltration, on the other hand, the amount of ultrafiltrate is 
significantly higher, from about 20 to 30% of the blood volume stream, due to the 
liquid fraction needed to increase the convective transport through the membrane. In 
the end, the net amount of liquid withdrawn from the patient is the same as that in 
conventional hemodialysis. The amount of liquid exceeding that needed to increase 
the convective transport is, as noted, replaced by a substituate. 

[0007] To conduct hemodiafiltration processes, modified dialysis machines 
are generally used that permit monitoring of the ultrafiltration rates and balance the 
ultrafiltration and substituate volume streams. 

[0008] Different requirements are usually imposed with respect to the purity 
of the dialysis and substitution liquids. The dialysis Uquid can be prepared online 
from fresh water and an electrolyte concentrate, where the fresh water is normally 
germ-free and the electrolyte concentrate is inherently sterile. The substitution liquid 
itself can be prepared online from the dialysis liquid, but it is not generally required 
that the dialysis liquid prepared online is absolutely sterile and free of endotoxins, 
pyrogens and CIS. 

[0009] Endotoxins are cell remnants of dead bacteria. The endotoxin 
concentration is usually determined using the so-called LAL test, a biological assay 
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such as that manufactured by BioWhittaker, Lie, for example. Pyrogens are 
temperature-elevating substances. When infused in rabbits, for example, they cause 
an increase in body temperature. Pyrogens can include endotoxins and exotoxins. 
The latter are produced by living bacteria. In hxmian blood, these substances lead to 
stimulation of monocytes that themselves produce cytokines and thus trigger a 
cascade of additional cell stimulations. Today, endotoxins, exotoxins, pyrogens, and 
other substances from the dialyzate that stimulate the blood are grouped under the 
abbreviation CIS (cytokine inducing substances). One of the relevant cytokines 
produced by stimulation of stimulated monocytes is interleukin 6 (IL 6). The 
determination of CIS by detection of IL 6 is described in B. L. Jaber et al.. Blood 
Purif. 1998, Vol. 16, pp. 210-219, for example. 

[0010] For this reason, the dialysis liquid for preparing the substitution 
liquid should be converted to the sterile and ideally CIS-free state, using a filter, for 
example. Of course, the substitution liquid prepared in this manner can also be used 
as a dialysis liquid. Modem dialysis machines generally include a facility w^ith which 
the dialyzate is filtered online such that it has an endotoxin concentration of less than 
0.5 EU per ml of dialyzate. As a result, patients experience almost no pyrogen 
reactions, even in the case of so-called high-flux dialysis, which are frequently 
observed with dialyzate contaminated with endotoxins. However, with an endotoxin 
concentration of < 0.03 EU/ml, which is the detection limit of the conventional LAL 
tests, CIS might still be present in the dialyzate. The requirement for CIS-free 
dialyzate is therefore more stringent than that for LAL-negative dialyzate. 

[0011] In EP-A 692 269, a hemodiafiltration apparatus is described with two 
blood filters connected in series. The blood filters each contain membranes, one side 
of which is subjected to a flow of blood to be purified and the other side to a dialysis 
liquid flow. The dialysis is passed through a sterile filter prior to being fed to the 
hemodiafiltration apparatus. In the apparatus described in EP-A 692 269, a transfer of 
dialysis liquid as a substitution liquid directly into the blood takes place in one of the 
two blood filters in the direction of the blood flow due to the positive transmembrane 
pressure set at this point via the membrane of this blood filter. A negative 
transmembrane pressure is generated in the second blood filter, where separation of a 
portion of the blood liquid and removal of substances normally eliminated in the urine 
into the dialyzate take place via diafiltration. 
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[0012] Such hemodiafiltration apparatus with blood filters connected in 
series are complex in operation and can generally not be used in commercially 
available dialysis machines due to the design and the special and complex controls 
associated with it. 

[0013] EP-A 451 429 also discloses a hemodiafiltration apparatus having 
two membrane modules connected in series. In this case, the first membrane module 
is a hemofilter in which a partial stream of liquid is withdrawn by ultrafiltration from 
the blood to be purified, wherein the partial stream primarily contains the medium- 
molecular substances to be removed from the blood. The ultrafiltrate is regenerated in 
a special filter and reintroduced to the blood stream before the latter is directed into 
the second membrane module. This blood stream is then subjected to hemodialysis in 
the second membrane module. 

[0014] In addition to the previously cited disadvantages of separate blood 
filters connected in series, the hemodiafiltration apparatus described in EP-A 451 429 
has the drawback that it requires a special regenerator that must be used to purify the 
ultrafiltrate. 

[0015] In DE-A 196 07 162, a hemodiafiltration system is described with 
controlled delivery of a substituate and a dialyzate into a dialyzer, wherein the 
dialyzer is designed as a single component for blood treatment, substituate filtering, 
and mixing of the substituate with the blood to be treated. The dialyzer contains two 
adjacent membrane modules in its longitudinally extended housing, each with a 
bundle of hollow- fiber membranes. The membrane modules are separated from each 
other by a dividing wall substantially parallel to the hollow-fiber membranes. The 
first membrane module is used for hemodiafiltration and the second membrane 
module for sterile filtration of the substituate. The dialyzer further comprises a 
chamber in which purified substituate is reunited with the blood to be treated. 

[0016] While the hemodiafiltration system described in DE-A 196 07 162 
has a simpler and clearer construction compared to the systems with multiple blood 
filters connected in series, the manufacture of the two-module dialyzers disclosed in 
DE-A 196 07 162 is difficult, particularly due in part to the handling of two different 
hollow-fiber membrane bundles. Furthermore, the membrane modules in the dialyzer 
are not arranged rotationally symmetrically, so that there is a risk of non-uniform 
flow, in particular through the external space surroimding the hollow-fiber 



V 



.1. 0 a S «+3 u. 83 O O 



5 

membranes of the first membrane module, which is used for hemodiafiltration. 
Furthermore, the dialyzers as described in DE-A 196 07 162 also require an additional 
pump device for the substituate transport, which is not present in conventional 
dialysis machines today. 

[0017] EP-A 701 826 discloses a hemodiafilter that has a single bimdle of 
hollow-fiber membranes for blood treatment, filtration of the substituate, and delivery 
of the substituate to the blood. In this hemodiafilter, a material is present in the 
extemal space of the hemodiafilter surrounding the hollow-fiber membranes that 
undergoes dimensional changes, i.e., swells, through the dialysis liquid when this 
hemodiafilter is used for hemodiafiltration, leading to a restriction. This generates a 
pressxu-e drop between the upstream and downstream sides of the restriction for the 
dialysis liquid flowing through the extemal space. Materials that can swell due to the 
dialysis liquid include, for example, various copolymers that are applied at the desired 
location on the hollow-fiber membranes, or fiber-shaped materials, capable of 
swelling, that are woven with the hollow-fiber membranes. 

[0018] The insertion of the swellable material is complex, on one hand. On 
the other hand, a precise, stable, and reproducible positioning across the bundle cross- 
section is not guaranteed and cannot be achieved in practice. There are also narrow 
limits imposed on the materials capable of swelling that can be used since the use of 
the hemodiafilter for blood purification requires a high degree of hemocompatibility 
for the materials used, due to the contact with body liquids. Since, according to EP-A 
701 826, the degree of swelling of the inserted swellable material depends on the 
dialysis liquid used, the degree of swelling is difficult to control and reproduce. The 
effect of the restriction caused by this material on the dialyzate and substituate flow 
cannot be determined in advance, or it requires at least comprehensive preliminary 
tests and complex estimations. Furthermore, due to the swelling there is a 
dependence of the material dimensions and thus the cross-section restriction on the 
differential pressure applied, and in an unfavorable case an increase in the pressure 
differential can lead to complete blockage. 

[0019] From the previously described disadvantages, it can readily be 
concluded that controllable and reproducible flow conditions are not present when the 
hemodiafilters disclosed in EP-A 701 826 are used. 
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[0020] It is therefore an object of the present invention to provide a 
membrane module for hemodiafiltration that has a simple and compact construction, 
exhibits an improved ability to predetermine and reproduce the delivery of substituate 
and dialyzate, and can be used in volume-controlled dialysis machines without major 
modifications. 

[0021] The object is achieved by a membrane module for hemodiafiltration 
comprising a cylinder-shaped housing with a longitudinal extent, housing a bimdle of 
hollow-fiber membranes with semipermeable walls and capable of supporting fluid 
flow through their lumina, wherein the bundle of hallow-fiber members is arranged in 
the direction of the longitudinal extent of the housing. The ends of the hollow-fiber 
membranes are embedded in a fluid-tight manner in first and second sealing 
compoimds joined to the housing inner wall in a fluid-tight manner such that an 
exterior space delimited by the first and second sealing compounds and the housing 
inner wall is formed around the hollow-fiber membranes. The exterior space along 
the longitudinal extent of the housing is divided into a dialyzate space and a 
substituate space by a dividing wall that is made from a substantially dimensionally 
stable material, encloses each hollow- fiber membrane, and is arranged substantially 
transversely to the hollow-fiber membranes, the dialyzate and substituate spaces each 
having at least one opening for introducing or draining a fluid, wherein at least one 
throttle is arranged in the exterior space by which the dialyzate spaces and substituate 
spaces are in fluid communication with each other. 

[0022] In the scope of the present invention, a throttle is understood to be a 
defined restriction of a flow cross-section to selectively generate a defined pressure 
drop when a fluid flows through this restriction. That is, the throttle exhibits a 
reduced flow cross-section compared to the flow cross-section before and afl;er the 
throttle with respect to the direction of fluid flow. In this case, the flow cross-section 
of the throttle has a defined fixed value, independent of the passing fluid, or it can be 
adjusted to a defined value independent of the passing fluid. In such throttles, the 
pressure drop arising during flow can be predetermined. Throttles with a fixed cross- 
section, or adjustable to a fixed value include perforated or slit diaphragms and 
capillary tubes with defined diameters, for example. In a preferred embodiment of the 
membrane module of the invention, the throttle is adjustable. 
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[0023] In the scope of the present invention, a substantially dimensionally 
stable material is understood to be a material that, when used in the hemodiafiltration 
module of the invention, substantially retains its dimensions and shape under the then 
prevailing conditions compared to the original state of the module following its 
manufacture, and in particular does not swell in the presence of the liquids used in this 
case, i.e., primarily the dialysis liquid. 

[0024] In a preferred embodiment of the membrane module of the invention, 
the housing is circularly cylindrical about its longitudinal axis oriented in the direction 
of the longitudinal extent, and the hollow-fiber membranes are arranged in a bundle 
that is substantially rotationally symmetrical about the longitudinal axis. 

[0025] In the hemodiafilter of the invention, the ends of the hollow-fiber 
membranes are each embedded in sealing compounds that also seal off the exterior 
space formed aroxmd the hollow-fiber membranes with respect to a distribution space 
in which the blood to be treated is introduced into the collection space via a blood 
inlet arrangement and distributed to the lumina of the hollow-fiber membranes, and 
with respect to a collection space in which the blood flowing from the lumina is 
collected and drained fi-om the module via a blood outlet arrangement. The ends, 
open on the face, of the hollow-fiber membranes extend through the respective 
sealing compound and are in communication with the distribution and collection 
spaces via the lumina, so that the blood to be treated can pass through the membranes. 

[0026] Due to the fact that in the hemodiafilter of the invention, the same 
hollow- fiber membranes are used for blood treatment, filtering of the substituate, and 
delivery of the substituate to the blood, and that the dialyzate and substituate spaces 
are separated from each other by a dividing wall, the dialyzate and substituate spaces 
are arranged adjacent to each other at different positions along the hollow- fiber 
membranes when viewed in the direction of the extent of the hollow-fiber membranes 
with the dividing wall at least substantially filling out the inner cross-section of the 
housing. In the membrane module of the invention, at least one throttle is arranged in 
the exterior space in accordance with the invention, by which the substituate and 
dialyzate spaces are in fluid communication with each other. It follows from this that 
the at least one throttle is arranged in the dividing wall or in the area thereof, i.e., 
integrated into the dividing wall or encircling the dividing wall in the exterior space 
within the housing. 



^ .A o o s », o "7 ini g o e 

8 

[0027] In a preferred embodiment, the membrane module of the invention 
has only one opening in the substituate space area which serves as an inlet 
arrangement for introducing the dialysis liquid into the substituate space, and only one 
opening in the dialyzate space area which serves as an outlet arrangement for draining 
the dialyzate from the dialyzate space. This is particularly advantageous in the 
interest of compatibility with connections to modem dialysis machines. 

[0028] During use of the hemodiafilter of the invention, the blood to be 
purified is directed through the lumina of the hollow-fiber membranes. By suitable 
delivery means, e.g., a pump, a stream of dialysis liquid is supplied to the 
hemodiafilter and introduced under increased pressure into the substituate space via 
the opening of the substituate space serving as the inlet arrangement for the dialysis 
liquid, i.e., via the inlet arrangement of the substituate space. A portion of the dialysis 
liquid introduced into the substituate space is delivered as a substituate with a defined 
volume stream to the blood flowing through the lumina of the hollow-fiber 
membranes, via the walls of the portions of the hollow-fiber membranes located in the 
substituate space. The substituate volume stream is influenced largely by the 
increased pressure and the permeability of the hollow- fiber membranes. The amount 
of substituate introduced per time unit, i.e., the substituate volume stream, is the 
difference between the liquid stream withdrawn from the blood in the dialyzate space 
area via ultrafiltration and the net filtration controlled and fixedly preset by the 
dialysis machine. 

[0029] By the at least one throttle arranged in the exterior space of the 
invention, the major portion of the total dialysis liquid delivered to the hemodiafilter 
is directed as dialyzate with a defined volume stream into and flows through the 
dialyzate space. The volume stream of the dialyzate introduced into the dialyzate 
space, and thus the ratio of the dialyzate volume stream to the substituate volume 
stream depends substantially on the number of throttles and the flow resistance 
generated by them compared to the flow resistance that must be overcome by the 
substituate stream when permeating the walls of the hollow-fiber membranes. 

[0030] In the dialyzate space, the dialyzate is passed along the hollow- fiber 
membranes, thereby also taking up the ultrafiltrate withdrawn from the blood via 
ultrafiltration through the walls of the hollow-fiber membranes, so that the substances 
normally eliminated in the urine are removed from the blood via convective aad 
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diffusive transport mechanisms. The dialyzate, mixed with the uhrafihrate, is 
withdrawn from the dialyzate space via the opening of the dialyzate space serving as 
the outlet arrangement for the dialyzate, i.e., via the outlet arrangement of the 
dialyzate space. Depending on the direction of blood flow through the hollow-fiber 
membranes, the substituate can be delivered to the blood before it is subjected to 
hemodiafiltration (pre-dilution) or after it has been subjected to hemodiafiltration 
(post-dilution). The membrane module of the invention is thus designed such that 
hemodiafiltration with integrated pre- or post-dilution of the blood can be conducted. 

[0031] Through the design of the membrane module of the invention for 
hemodiafiltration, i.e., the hemodiafilter of the invention, it is possible, in a simple, 
controllable, and reproducible manner, to integrate the dilution of the blood with 
substituate, as required in hemodiafiltration, and the hemodiafiltration in a single 
membrane module, which like conventional hemodialyzers contains only one bundle 
of hollow-fiber membranes, so that the hemodiafiltration in commercially available 
dialysis machines can be conducted with ultrafiltration in which the volume stream is 
controlled. At the same time, the separation of the substituate and dialyzate spaces 
via the dividing wall of the invention, which is substantially dimensionally stable and 
is not substantially swellable in the dialysis liquid, in conjunction with the at least one 
throttle of the invention, via which the dialyzate and substituate spaces are in fluid 
communication with each other, ensures the adjustment of a volume stream ratio 
between the substituate and dialyzate that can readily be predetermined and 
reproduced. 

[0032] Compared to known hemodiafilters, such as those described in DE-A 
196 07 162 or EP-A 701 826, the hemodiafilter of the invention, with a dividing wall 
in which, or in the area of which, at least one throttle is arranged, offers the advantage 
of a very compact construction with only one hollow-fiber membrane bundle, which 
is used for blood treatment, filtering of the substituate, and delivery of the substituate 
to the blood, with the throttle providing a means for reliable and precise adjustment of 
the pressure and pressure-drop conditions, resulting in defined volume streams of 
dialyzate and substituate. 

[0033] DE-A 28 51 929 discloses a module design on the basis of hollow- 
fiber membranes, wherein the dialyzate space is divided into two sections by an 
impermeable dividing wall. In one embodiment, dialyzate is directed through the one 
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section which is provided with an inlet arrangement and an outlet arrangement in 
order to remove, by diffusion, substances normally eliminated in the urine from the 
blood flowing through the hollow- fiber membranes. The second section, which is 
provided with an outlet arrangement, is subjected to a partial vacuum in order to 
extract, via the walls of the hollow-fiber membranes, a filtrate from the blood flowing 
through them. In DE-A 28 51 929, the dividing wall seals off the two sections of the 
module from each other in a fluid-tight manner and does not contain a throttle by 
which dialysis liquid might be passed from one subspace into the other. This module 
is therefore not suitable for use in hemodiafiltration. 

[0034] In the hemodiafiltration system of the invention, the delivery of the 
substituate to the blood can take place before or after the blood is subjected to 
diafiltration in the dialyzate space area. In an individual case, it is also possible to 
divide the substituate space, and thus the delivery of the substituate to the blood, 
along the extent of the hollow-fiber membranes and deliver one part of the substituate 
to the blood before and one part after the diafiltration. In this case, in the 
hemodiafilter of the invention, two substituate-space sections are arranged along the 
extent of the hollow- fiber membranes adjacent to the embedding point of the hollow- 
fiber membrane ends, each section being separated by a dividing wall from an 
intermediate dialyzate space, at least one throttle being arranged in or in the area of at 
least one of the dividing walls. In a corresponding manner, it is also possible to 
divide the dialyzate space, and thereby the diafiltration, and to arrange two dialyzate- 
space sections along the extent of the hollow-fiber membranes adjacent to the 
embedding point of the hollow-fiber membrane ends, each section being separated by 
a dividing wall from an intermediate substituate space. In these cases, at least one 
throttle is arranged in or in the area of each of the dividing walls. 

[0035] In a preferred embodiment of the membrane module of the invention, 
the dividing wall is joined to the housing inner wall in a fluid-tight manner and the at 
least one throttle arranged in the exterior space is integrated into the dividing wall so 
that the dividing wall is permeable for the dialysis liquid via the at least one throttle 
and a portion of the dialysis liquid can be directed as dialyzate from the substituate 
space into the dialyzate space. 

[0036] In the most basic embodiment, the at least one throttle integrated into 
the dividing wall is at least one hole with a defined diameter, generally a plurality of 
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holes, which are preferably arranged in a ring around the hollow-fiber membrane 
bundle. The inlet arrangement of the substituate space and outlet arrangement of the 
dialyzate space are, for practical reasons, arranged at the ends of the respective spaces 
facing away from the dividing wall. 

[0037] Preferably, the at least one throttle integrated into the dividing wall is 
at least one capillary inserted into the dividing wall, via the lumen of which the 
dialyzate and substituate spaces are in fluid communication with each other. More 
preferably, a plurality of capillaries is arranged around the bundle of hollow-fiber 
membranes, a particularly preferred embodiment is a ring-shaped arrangement, such 
as the form of a circular ring in the case of a bundle with a substantially circular 
cross-section. 

[0038] Based on the diameter of the lumina of the capillaries, the number of 
capillaries, and their length, and using simple fluid-mechanics calculations, the 
throttle action can be determined and thereby the ratio of dialyzate and substituate 
volume streams predetermined and accordingly preset. 

[0039] With respect to the capillary length, two preferred embodiments can 
be distinguished. When using short capillaries, it is practical in the interest of 
problem- free insertion of such capillaries into the dividing wall for the capillary 
length to exceed the thickness of the dividing wall. However, in the interest of 
uniform flow through the dialyzate space, the capillciries should extend into it only a 
short distance. Preferably, the length of the capillaries exceeds the thickness of the 
dividing wall by less than 100%. For these cases, the inlet arrangement of the 
substituate space and outlet arrangement of the dialyzate space are, for practical 
reasons, arranged at the ends of the respective spaces facing away from the dividing 
wall. 

[0040] In another preferred embodiment, at least one long capillary extends 
through the dialyzate space and terminates in the area before the sealing compound 
delimiting the dialyzate space. In this case, the outlet arrangement of the dialyzate 
space is then arranged adjacent to the dividing wall. This embodiment of the 
membrane module of the invention can be preferably used for blood purification in 
which a pre-dilution of the blood with substituate takes place, before the blood is 
subjected to diafiltration. The blood then flows at the side of the housing into the 
hemodiafilter, which faces the substituate space and exits the housing at the opposite 
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end, which faces the dialyzate space. On its path through the hollow- fiber 
membranes, the blood is first diluted with substituate and then subjected to 
hemodiafiltration in the dialyzate space area, wherein due to the extension through the 
dialyzate space of the at least one long capillary used as a throttle and the arrangement 
of the dialyzate space opening in the vicinity of the dividing wall, the dialyzate is 
passed along the outside of the hollow-fiber membranes in the direction opposite to 
the direction of blood flow. Multiple capillaries used in this embodiment can also be 
combined with hollow-fiber membranes, for example, and embedded together with 
them at one end in the dividing wall. In this case, the dividing wall is constructed 
fi:-om a sealing compound. This results in uniform dialyzate distribution during use. 

[0041] In an especially preferred embodiment, a single long capillary 
extending through the dialyzate space is inserted into the dividing wall, the capillary 
arranged centrally in the bundle of hollow-fiber membranes and by which the 
dialyzate and substituate spaces are in fluid communication with each other. To 
achieve the required throughput of dialysis liquid through this capillary, which 
functions as a throttle, the capillary can also have a relatively large diameter. It is also 
possible for the diameter of the capillary to be more that of a tube, i.e., for the 
capillary to be a tube, in which case the desired throttle action of this tube can be 
generated by selective restrictions in the inside of the tube, for example. Preferably, 
such tubes can serve as winding cores at the same time when the hollow- fiber 
membranes are arranged adjacent and parallel to one another in mats and the hollow- 
fiber membrane bundle is produced, for example, by spirally winding at least one 
hollow-fiber membrane mat around the tube with the hollow-fiber membranes 
arranged parallel to the tube axis. In this case, the tube can also extend over the entire 
length between the first and second sealing compounds and be embedded in them 
such that the tube's interior is separated firom the distribution and collection spaces in 
a fluid-tight manner. In this case, the tube in the area of the substituate and dialyzate 
spaces has openings in its wall, via which dialysis liquid can enter in the substituate 
space area and dialyzate can exit in the dialyzate space area. The openings can at the 
same time function as throttles. 

[0042] In another pre/erred embodiment of the membrane module of the 
invention, the at least one throttle is at least one semipermeable, preferably 
consistently microporous capillary membrane embedded in the dividing wall, the 
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lumen of which is open at one end and closed at the other. This at least one capillary 
membrane is preferably embedded in the dividing wall such that the closed end 
extends into the substituate space and the open end opens or extends into the dialyzate 
space. In hemodiafiltration, dialyzate liquid then flows in the substituate space area in 
so-called dead-end mode into the lumen of the at least one capillary membrane via its 
semipermeable wall and exits via the open end of the capillary membrane into the 
dialyzate space. The throttle action of the at least one capillary membrane results 
from the pressure drop arising during the flow through the porous, semipermeable 
wall of the capillary membrane. 

[0043] In a likewise preferred embodiment of the membrane module of the 
invention, a plurality of throttles in the form of annular-gap segments are arranged in 
the dividing wall around the bundle of hollow-fiber membranes or on the periphery of 
the dividing wall. 

[0044] According to another preferred embodiment of the membrane 
module of the invention, the at least one throttle arranged in the exterior space is an 
annular gap formed around the bimdle of hollow-fiber membranes between the 
dividing wall and housing inner wall. In this case, the dividing wall is, of course, not 
joined to the housing inner wall in a fluid-tight manner. To fix the dividing wall and 
stabilize the spacing, it is practical to insert spacers between the dividing wall and 
housing inner wall such that provision is made for a defined stable annular gap and 
thereby a defined throttle action. 

[0045] It is preferred for the dividing wall, together with the hollow-fiber 
membrane bundle, to be embedded at its periphery in a sleeve in a fluid-tight manner. 
This sleeve then has a defined spacing from the housing inner wall, forming an 
annular gap representing the throttle. By using a sleeve, considerable influence can 
be exerted, by not only the gap width but also by the length of the sleeve, on the 
pressure drop generated by the gap and thus on the throttle action. The required 
length of the annular gap formed in the dividing wall area between the sleeve and 
housing inner wall along the longitudinal extent of the housing then results, together 
with the annular-gap width, from the desired throttle action of the annular gap. In 
another preferred embodiment, the dividing wall is embedded in a fluid-tight manner 
along its periphery, together with the hollow-fiber membrane bundle, in a sleeve 
whose outside diameter is substantially the same as the inside diameter of the housing. 
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but where grooves extending in the axial direction of the housing are provided in the 
outside of the sleeve and/or in the housing inner wall. The sleeve is then pressed 
substantially tightly into the housing such that the grooves represent a plurality of 
defined throttles. 

[0046] The hollow-fiber membrane bundle in such embodiments can also be 
inserted into a sleeve over its entire end region facing the dividing wall or also over its 
entire extent. In this case as well, the dividing wall is joined to the sleeve in a fluid- 
tight manner. To ensure a good distribution of the fluid over the hollow-fiber 
membrane bundle, the sleeve in the area of the fluid inlets or outlets is then provided 
with openings, for example, in the form of holes, and, for practical reasons, shaped 
such that a wider gap is formed there between the housing and sleeve than in the 
dividing wall area. In the dialyzate space area, the outside of the sleeve is tightly 
adjacent to the housing inner wall, with no gap. 

[0047] By constructing the sleeve and housing inner wall in the dividing 
wall area in the form of wedges, whose inclined surfaces face each other when viewed 
in the longitudinal section of the membrane module, an annular gap can be formed 
whose width is preferably adjustable. Different gap widths can be formed by 
modifying the position of the wedges with respect to each other. The annular gap in 
this case can be adjusted by modifying the position of the membrane bundle along the 
longitudinal extent of the housing or by a wedge that can be displaced within the 
housing wall. 

[0048] Also, in the previously described embodiment in which the at least 
one throttle is in the form of annular gaps, segments thereof, or grooves, it is practical 
to position the inlet arrangement of the substituate space and the outlet arrangement of 
the dialyzate space at the ends of the respective spaces facing away firom the dividing 
wall. In these embodiments of the membrane module of the invention, as well as in 
embodiments in which the throttles are in the form of holes in the dividing wall or 
short capillaries, the respective membrane modules are used for hemodiafiltration 
processes in which a post-dilution of the blood with substituate takes place. That is, 
the necessary liquid is first withdrawn fi-om the blood in the dialyzate space area by 
ultrafiltration and then substituate delivered to the blood in the substituate space area. 
To this end, the blood flows into the hollow-fiber membranes at the end of the 
hemodiafilter facing away from the substituate space and through the membranes in 
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the direction of the end facing toward the substituate space. The dialyzate then flows 
through the dialyzate space in a direction opposite that of the blood flow. 

[0049] hi conducting hemodiafiltration, an external sterile filter is often 
connected upstream from the hemodiafilter itself, providing sterile filtration of the 
dialysis liquid or at least the liquid delivered as a substituate. In a preferred 
embodiment of the membrane module of the invention, a sterile filter is arranged 
within the membrane module around the hollow-fiber bundle in the substituate space 
area, wherein the filter encloses the hollow- fiber membrane bimdle. This sterile filter 
divides the substituate space perpendicularly to the extent of the hollow-fiber 
membranes into outer and inner substituate-space sections. A pleated flat membrane 
can be used as a sterile filter in one preferred embodiment. It is preferred to use a flat 
membrane that is consistently microporous. The sterile filter is preferably 
impermeable to endotoxins and more preferably impermeable to CIS, thereby 
ensuring during use the delivery of a sterile substituate to the hollow-fiber membranes 
that is firee of endotoxins and pyrogens and preferably firee of CIS. In this case, a 
sterile filter impermeable to endotoxins is understood to be one for which, in filtering 
a contaminated dialysis liquid with an endotoxin concentration of up to 30 EU/ml at a 
filtration rate of 150 ml/min over 4 hours through the sterile filter, the filtrate has an 
endotoxin concentration below the detection limit of conventional tests, i.e., below 
about 0.03 EU/ml. The endotoxin concentration is determined using conventional 
LAL tests such as those sold and described by BioWhittaker, Inc. (MULTI-TEST 
LIMULUS AMEBOCYTE LYSATE PYROGENT®). 

[0050] The sterile filter in this embodiment can be arranged such that, 
during use, the entire dialysis liquid delivered to the hemodiafilter of the invention is 
filtered by the sterile filter. In this embodiment, only a distribution of the dialysis 
liquid over the entire surface of the sterile filter takes place in the outer section of the 
substituate space, and the at least one throttle, by which the substituate space and 
dialyzate space are in fluid communication, is integrated into the dividing wall in the 
area of the iimer section of the substituate space. 

[0051] Generally, however, a sterile filtration of the entire dialysis liquid is 
unnecessary since the portion of the dialysis liquid passed as dialyzate along the 
hollow-fiber membranes is not subject to the stringent purity requirements applying to 
the substituate. Preferably, the sterile filter is therefore arranged in the membrane 
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module of the invention such that during use only the portion flows through the sterile 
filter that is finally delivered as substituate to the blood flov^ing through the hollow- 
fiber membranes. This is achieved by arranging the at least one throttle in the area of 
the outer section of the substituate space and having only the outer section of the 
substituate space in fluid communication with the dialyzate space. The inner section 
of the substituate space, on the other hand, is separated fi"om the dialyzate space in a 
fluid-tight manner. As previously noted, the throttle in this case can, for example, be 
in the form of capillaries integrated into the dividing wall or an aimular gap formed 
between the dividing wall and housing inner wall. 

[0052] In individual cases, it is also possible to embed additional 
semipermeable membrane elements in the sealing compoimd adjacent to the 
substituate space, in which the hollow-fiber membrane ends are embedded, in order to 
increase the substituate stream to be delivered to the blood. The flow through these 
membrane elements is then performed in dead-end mode, and they provide fluid 
communication between the substituate space and the space on the other side of the 
sealing compound, wherein this space is the distribution or collection space for the 
blood depending on the embodiment of the membrane module of the invention. A 
fiirther portion of the dialysis liquid can be delivered by these membrane elements, 
which also function as throttles, as substituate to the blood then located in the adjacent 
collection or distribution spaces. These semipermeable membrane elements can be 
present, for example, in the form of capillary membranes that are closed at one end, 
are preferably consistently microporous, are embedded in the sealing compound, and 
extend into the substituate space at their closed end. These membrane elements are, 
like the aforementioned sterile filter, preferably impermeable to endotoxins and more 
preferably impermeable to CIS. Refer to the preceding discussion regarding the 
definition of endotoxin and CIS impermeability and the respective measurement 
methods. 

[0053] A maximally uniform distribution of substituate and dialyzate over 
the bundle cross-section is necessary in the use of the membrane module of the 
invention. A uniform distribution can be achieved by an appropriate housing design. 
Preferably, the housing of the membrane module of the invention is designed such 
that it tightly encloses the bundle of hollow-fiber membranes in the predominant 
portion of the dialyzate space with its inside closely fitting and exhibits an expansion 
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of its cross-section in the area of the dividing wall and substituate space and possibly 
the sealing compounds. Thus, in a preferred embodiment, ring-shaped spaces are 
formed around the bundle of hollow- fiber membranes in these areas in order to 
distribute the dialysis liquid and dialyzate to the hollow-fiber membrane bundle or 
collect the dialyzate from the membrane bundle. 

[0054] Preferably, the bxmdle has, at least in the predominant portion of the 
dialyzate space, a packing density of the hollow-fiber membranes between 40 and 
65%, in reference to the bundle cross-sectional area and substantially uniform in this 
area over the extent of the bundle. It has been observed that, for the hemodiafilter 
used in accordance with the invention, i.e., the membrane module of the invention, 
such packing densities allow good removal of the substances normally eliminated via 
the urine from the blood. 

[0055] In a likewise preferred embodiment, the housing is designed such 
that it encloses the bundle of hollow-fiber membranes in the dialyzate space area with 
its inside closely fitting and in the area of the sealing compounds, dividing wall, and 
substituate space, exhibits an expansion of the housing cross-section. The hollow- 
fiber membrane bundle is arranged in the housing such that the cross-section of the 
hollow-fiber membrane bundle expands in the area of the dividing wall and 
substituate space, and the packing density of the hollow-fiber membranes in this area 
is thereby less than in the predominant portion of the dialyzate space. As a result, the 
hollow-fiber membranes in the interior of the bundle are also easily accessible to the 
dialysis liquid and substituate, and the substituate flows uniformly into all hollow- 
fiber membranes of the bundle. In its expanded portion, the bundle preferably has a 
packing density between 20 and 55%, in reference to the respective bundle cross- 
sectional area. In such embodiments, it is especially preferable for the at least one 
throttle to be in the form of several capillaries arranged in a ring shape around the 
bundle of hollow-fiber membranes or in the form of an annular gap between the 
dividing wall and housing inner wall. 

[0056] The dividing wall of the hemodiafilter or membrane module of the 
invention preferably is composed of a sealing compound in which the hollow-fiber 
membranes are embedded such that it encloses each hollow-fiber membrane in order 
to simplify the manufacturing. It is especially preferable for the dividing wall and 
first and second sealing compounds to be made of the same material. In this case, the 



:i o a a g^fi-e-s oi ? o «b a s: 



18 

materials commonly used as sealing compounds for embedding hollow-fiber 
membranes, such as polyurethane resins, epoxy resins, and the like can be used. 

[0057] To conduct an efficient hemodiafiltration, it is necessary that a 
sufficiently large exchange surface area be available for diafiltration in order to 
efficiently remove the substances normally eliminated in the urine fi-om the blood. 
However, a sufficient membrane surface area must be available as well in order to 
permit reliable delivery of the required amount of substituate to the blood. For this 
reason, viewed in the direction of the extent of the hollow-fiber membranes, the ratio 
Ld/Ls, wherein La is the length of the dialyzate space and Lg is the length of the 
substituate space, is preferably between 3 and 20, and especially preferably between 5 
and 15 for the hemodiafilter of the invention. 

[0058] To likewise provide as large a membrane surface area as possible for 
substituate delivery to the blood and for hemodiafiltration, the dividing wall in the 
membrane module of the invention should be as thin as possible. However, a certain 
minimum thickness is necessary to ensure sufficient stability of the dividing wall. It 
is therefore preferred for the dividing wall to have a thickness between 1 and 15 mm, 
and especially preferred to have a thickness between 5 and 10 mm. 

[0059] For efficient hemodiafiltration, it is necessary to generate a 
sufficiently high convective transport in order to remove the slowly-diffiising 
substances normally eliminated with the urine, in particular the substances having 
medium molecular weight. Moreover, it is preferred if only a relatively small section 
of the hollow-fiber membrane bundle is needed for the delivery of substituate to the 
blood. This means that a sufficiently high filtrate flow through the membrane wall 
must be realizable. For this reason, the hollow-fiber membranes present in the 
membrane module of the invention have an ultrafiltration rate for water between 20 
and 1500 ml/(h • m^ • minHg). The ultrafiltration rate in this case is determined using 
the method described in DE-A 195 18 624, and reference is hereby made to its 
disclosure in this regard. 

[0060] For the reliable operation of the membrane module of the invention, 
it is important that no undesired contamination of the blood flowing through the 
hollow-fiber membranes with bacteria, endotoxins, or pyrogens occurs, in particular 
when delivering the substituate to the blood. As previously discussed, the dialysis 
liquid, or at least the substituate can, to this end, be subjected to a sterile filtration in a 
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separate sterile filter or one integrated in the membrane module of the invention. 
Alternatively or in addition, this sterile filtration, however, can also take place in the 
hollow-fiber membranes themselves of the membrane module of the invention. 
Therefore, in a preferred embodiment of the membrane module of the invention, the 
hollow-fiber membranes are impermeable to endotoxins and especially preferably 
impermeable to cytokine-inducing substances. The impermeability in this case can be 
achieved by an appropriately adjusted pore size of the fimctional separation layer of 
the membranes and/or by adsorptive properties of the hollow-fiber membranes. Refer 
to the preceding discussion regarding the definition of endotoxin and CIS 
impermeability and the respective measurement methods. 

[0061] The hollow-fiber membranes of the invention used preferably have 
an inside diameter between 140 and 260 ^im, with a wall thickness preferably between 
5 and 100 ^im, and more preferably between 20 and 60 ^m. Membrane materials are 
preferably those having good blood compatibility. These include polymers fi:om the 
group of cellulosic polymers such as cellulose or regenerated cellulose, modified 
cellulose such as cellulose esters, cellulose ethers, amine-modified celluloses, and 
mixtures of cellulosic polymers fi:-om the group of synthetic polymers such as 
polyacrylonitrile and corresponding copolymers, polyarylsulfones, and 
polyarylethersulfones such as polysulfone or polyethersulfone, polyamides, polyether 
block amides, polycarbonates, or polyesters, as well as modifications, blends, 
mixtures, or copolymers derived fi*om these polymers. These polymers or polymer 
mixtures can contain additional polymers such as polyethylene oxide, 
polyhydroxyether, polyethylene glycol, polyvinylpyrrolidone, polyvinyl alcohol, or 
polycaprolactone as additives. In an individual case, the membrane can for example 
also have been subjected to a surface modification in order to give certain properties 
to the membrane surface, for example in the form of certain fimctional groups, or to 
achieve the hydrophilation of an otherwise hydrophobic membrane on its surfaces, as 
is described for example in JP-A 101 18472. 

[0062] No restrictions are placed on the construction of the bundle of 
hollow-fiber membranes arranged in the membrane module of the invention, i.e., the 
arrangement of the hollow-fiber membranes in the bundle. A good flow around the 
individual hollow-fiber membranes should be ensured, however. In a preferred 
construction, the hollow- fiber membranes are substantially parallel to each other and 
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to the longitudinal axis of the bundle, and the spacing between them is maintained by 
textile threads. This can be achieved, for example, before the bundle is assembled by 
weaving the hollow-fiber membranes to form a mat or ribbon of parallel hollow- fiber 
membranes and then configuring them to form a bundle. The bundle contained in the 
membrane module of the invention can also be composed of bundle sections as long 
as during use each of the hollow-fiber membranes of the bundle contributes to blood 
treatment, filtration of the substituate, and delivery of the substituate to the blood. 
Such a construction of bundle sections, in which the sections are wrapped with 
threads to improve the flow around the hollow- fiber membranes and the hollow-fiber 
membranes within the sections are spaced using support threads, is described in EP-A 
732 141, for example. Moreover, the hollow-fiber membranes can also exhibit an 
undulation. 

[0063] The invention will now be explained in more detail with reference to 
the figures, which are simplified schematic representations: 

[0064] Fig. 1 shows a longitudinal section through a membrane module of 
the invention with throttles integrated into a dividing wall in the form of short 
capillaries arranged around the bundle of hollow-fiber membranes in a ring shape. 

[0065] Fig. 2 shows a longitudinal section through a membrane module of 
the invention with throttles integrated in to a dividing wall in the form of long 
capillaries that are arranged around the bundle of hollow-fiber membranes in a ring 
shape. 

[0066] Fig. 3 shows a segment of a longitudinal section through a membrane 
module of the invention with a dividing wall embedded in a sleeve and a throttle in 
the form of an annular gap formed between the sleeve and the housing inner wall. 

[0067] Fig. 4 shows a segment of a longitudinal section through another 
embodiment of a membrane module of the invention with a dividing wall embedded 
into a sleeve and a throttle in the form of an annular gap between the sleeve and 
housing inner wall. 

[0068] Fig. 5 shows a segment of a longitudinal section through a membrane 
module of the invention with an adjustable throttle in the form of an annular gap 
formed by wedges that are displaceable with respect to each other. 
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[0069] Fig. 6 shows a segment of a longitudinal section through a membrane 
module of the invention with a sterile filter integrated into the housing and throttles in 
the form of short capillaries in the area of the inner substituate-space section. 

[0070] Fig. 7 shows a segment of a longitudinal section through a membrane 
module of the invention with a sterile filter integrated into the housing and throttles in 
the form of short capillaries in the area of the outer substituate-space section. 

[0071] Fig. 8 shows a segment of a longitudinal section through a membrane 
module of the invention with a sterile filter integrated into the housing and throttles in 
the form of an annular gap between the sleeve and housing inner wall in the area of 
the outer substituate-space section. 

[0072] Fig. 9 is a schematic representation of a hemodiafiltration system 
that uses a membrane module of the invention. 

[0073] Figure 1 shows a membrane module of the invention that can be used 
in hemodiafiltration procedures in which a post-dilution of the blood with substituate 
takes place. The membrane module according to Figure 1 has a cylinder-shaped 
housing 1 in which a bundle of hollow-fiber membranes 2 is arranged, wherein the 
membranes are oriented in the direction of the longitudinal extent of the housing. The 
ends of the hollow-fiber membranes are embedded in a fluid-tight manner in sealing 
compounds 3 and 4, which are themselves joined to the inner wall of housing 1 in a 
fluid-tight manner. The hollow- fiber membranes are embedded in sealing compounds 
3 and 4 such that their ends extend through the sealing compounds 3 and 4 and their 
lumina open into the distribution space 5 and collection space 6. The distribution 
space 5 has a blood inlet arrangement 7 and the collection space 6 a blood outlet 
arrangement 8. 

[0074] Encircling the hollow- fiber membranes 2 between sealing 
compounds 3 and 4 and the inner wall of housing 1 is an exterior space that is divided 
into a substituate space 10 and a dialyzate space 1 1 along the extent of the hollow- 
fiber membranes 2 by a dividing wall 9 running transversely to the hollow-fiber 
membranes 2 that is substantially dimensionally stable and made, for example, of an 
epoxy or polyurethane sealing compoxmd. The dividing wall 9 encloses the individual 
hollow-fiber membranes 2 and, in the case shown in Figure 1 , is joined in a fluid-tight 
manjier to the housing inner wall. Short capillaries 12 are embedded into the dividing 
wall 9 as throttles and arranged in a ring shape around the bundle of hollow-fiber 
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membranes 2. The substituate space 10 and dialyzate space 1 1 are in fluid 
communication with each other via capillaries 12. Li order to be able to arrange the 
capillaries 12 in a ring shape around the hollow- fiber membrane bundle and achieve 
good distribution of the dialysis liquid in the substituate space 10 during use, the 
housing 1 of the membrane module shown in Figure 1 has an expanded cross-section 
in the area of dividing wall 9 and substituate space 10. The substituate space has only 
an inlet arrangement 13 for the dialysis liquid, and the dialyzate space only an outlet 
arrangement 14 for the dialyzate. In the area of outlet arrmgement 14, the cross- 
section of the housing 1 is also expanded in order to withdraw the dialyzate uniformly 
from the module. 

[0075] During use, the blood, indicated by arrows 15, flows via the blood 
inlet arrangement 7 into the distribution space 5, through the limiina of the hollow- 
fiber membranes 2, then out of the hollow-fiber membranes 2 into the collection space 
6, and is conducted out of the membrane module or hemodiafilter via the blood outlet 
arrangement 8. The dialysis liquid, indicated by arrow 16, is introduced into the 
substituate space 10 via inlet arrangement 13. A portion of the dialysis liquid flows in 
the area of substituate space 10 as a substituate into the hollow-fiber membranes 2 
leading through it and mixes with the blood flowing through the hollow-fiber 
membranes 2. The major portion of the dialysis liquid flows via the throttles in the 
form of capillaries 12 as dialyzate 17 into the dialyzate space 11 and flows through 
the dialyzate space 1 1 in a direction opposite to that of the blood flow. In this 
process, the dialyzate 17 takes up the ultrafiltrate flowing out through the walls of the 
hollow-fiber membranes 2, together with the substances removed from the blood that 
are normally eliminated in the urine. The dialyzate 17, mixed with the ultrafiltrate, is 
withdrawn from the dialyzate space 1 1 via the outlet arrangement 14. In the module 
depicted in Figure 1, the ultrafiltrate is initially withdrawn from the blood and the 
substituate is then delivered to it. A post-dilution of the blood therefore takes place. 

[0076] The membrane module of the invention shown in Figure 2 is suited 
to hemodiafiltration procedures in which a pre-dilution of the blood takes place. To a 
substantial extent, the membrane module according to Figure 2 corresponds to that in 
Figure 1, so that the same components are designated with the same reference 
numbers and a detailed description is not repeated. In contrast to the membrane 
module of Figure 1, however, long capillaries 18 are embedded in the dividing wall 9 
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of the membrane module of Figure 2 as throttles, in a ring shape around the bundle of 
hollow-fiber membranes 2 in housing 1 of this module. These capillaries 18 extend 
through the dialyzate space 1 1 to a point shortly before the sealing compound 4 facing 
the blood outlet arrangement 8. Such long capillaries 18 can be advantageously 
bound in parallel to form a mat, which can then be wrapped around the hollow-fiber 
membrane bimdle in a simple manner. Thereafter, the capillaries can be embedded 
with the hollow- fiber membranes in the dividing wall. 

[0077] During hemodiafiltration, the blood is directed via blood inlet 
arrangement 7 and distribution space 5 into, and flows through, the hollow-fiber 
membranes 2. In this process, substituate is delivered to the blood in the area of 
substituate space 10 and the blood thereby diluted with substituate before it passes, on 
its way through the hollow-fiber membranes 2, through the area of dialyzate space 11, 
in which the required liquid is withdrawn from the blood by ultrafiltration through the 
walls of the hollow-fiber membranes and the substances normally eliminated in the 
urine removed in the process. The purified blood, adjusted to the required liquid 
content, leaves the membrane module of the invention via the blood outlet 
arrangement 8. 

[0078] The dialysis liquid 16 is introduced via the inlet arrangement 13 into 
the substituate space 10, which in the module embodiment according to Figure 2 is 
arranged at the ends of the hollow- fiber membranes 2 facing the blood inlet 
arretngement 7. In the substituate space 10, a portion of the dialysis liquid flows as a 
substituate through the walls of the hollow-fiber membranes 2 into the blood flowing 
through the hollow- fiber membranes and dilutes it. The major portion of the dialysis 
liquid flows into the dialyzate space as dialyzate 17 through long capillaries 18 
embedded as throttles in the dividing wall 9. The dialyzate 17 leaves the capillaries in 
the vicinity of the sealing compound 4 facing blood outlet arrangement 8 and flows 
through the dialyzate space in a direction opposite to that of the blood flow in the 
direction of the dividing wall 9. In this process, it takes up the ultrafiltrate with the 
substances removed from the blood that are normally eliminated with the urine and is 
withdrawn from the dialyzate space 1 1 via the outlet arrangement 14 located in the 
vicinity of the dividing wall 9. 

[0079] Figure 3 shows, in an enlarged representation compared to that of 
Figures 1 and 2, a segment of a membrane module of the invention comprising the 
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substituate space 10 and dividing wall 9. The membrane modules and segments 
thereof as shown in Figure 3 and the following figures correspond substantially to the 
membrane module shown in Figure 1, so that the same components are designated 
with the same reference numbers and a detailed description is not repeated. Figure 3 
shows an embodiment in which the dividing wall 9 and the bundle of hollow-fiber 
membranes 2 are embedded in a fluid-tight manner in a dimensionally stable sleeve 
19, The sleeve 19 is spaced from the housing inner wall, thus forming an annular gap 

20 that constitutes the throttle. The throttle action of the annular gap can be preset in 
a simple and defined manner by adjusting the width and length of the gap by selection 
of the sleeve. To stabilize gap 20, spacers can be inserted between sleeve 19 and the 
inner wall of housing 1. In the membrane module depicted in Figure 3, the 
hemodiafiltration includes a post-dilution of the blood with substituate. The blood 15 
flows through the hollow-fiber membranes 2 initially in the area of dialyzate space 1 1 
and then in the area of substituate space 10. 

[0080] In the segment of a membrane module of the invention as depicted in 
Figure 4, an annular gap 20 constituting the throttle is likewise formed between a 
dimensionally stable sleeve 21 and the inner wall of housing 1. The sleeve, which in 
this case to simplify manufacture of the membrane module of the invention encloses 
the entire end of the hollow- fiber membrcine bundle facing the substituate space 10, is 
firmly inserted at its one end into the housing, and the other end is embedded with the 
hollow-fiber membranes in sealing compound 4. This provides at the same time a 
stable positioning and formation of the gap 20. By suitably shaping sleeve 21 and 
housing 1 in the inlet areas of the substituate space 10 and dialyzate space 11, and via 
openings 22 and 23 in the sleeve, a homogeneous distribution of the substituate and 
dialyzate 17 over the hollow-fiber membranes is attained. The dialysis liquid 16 is 
fed to the membrane module via the inlet arrangement 13 and distributes itself 
uniformly over the periphery in the area of the increased spacing between the sleeve 

21 and housing 1. The substituate flows into the substituate space 10 through 
openings 22 in the sleeve 21. The dialyzate 17 flows via the gap 20 forming the 
throttle into an area with wider gap between sleeve 21 and the inner wall of housing 1, 
where the distribution over the periphery is rendered more uniform, before the 
dialyzate 17 flows into the dialyzate space 11 through openings 23. 
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[0081] Figure 5 shows another variant of a membrane module of the 
invention, in which the membrane bundle has been inserted with the dividing wall 9 
into a sleeve. The sleeve 24 in the area of dividing wall 9 is shaped as a wedge 25, 
with the inclined surface facing outward. A wedge 26 is also positioned on the inner 
wall of housing 1 in this area, the inclined surface of which points inward, and 
encloses wedge 25 of sleeve 24 in a ring shape. An annular gap 20 is formed between 
the inclined surfaces of wedges 25,26 and functions as a throttle. In the embodiment 
depicted in Figure 5, the Avidth of the annular gap and thus the throttle action can be 
adjusted by displacing the wedge 26 positioned on the housing wall. As indicated, the 
wedge 26 can be adjusted from the outside over the longitudinal extent of the housing 
via an adjusting member 27 passing through the housing wall. 

[0082] Figure 6 is a segment of a membrane module of the invention with a 
sterile filter 28 integrated into housing 1 for sterile filtration of the dialysis liquid 16. 
The sterile filter 28, preferably in the form of a flat membrane impermeable to 
bacteria and endotoxins, encloses the hollow-fiber membrane bundle in the substituate 
space area and divides the substituate space into an outer substituate-space section 29, 
which is separated from the dialyzate space 1 1 via the dividing wall 9 in a fluid-tight 
manner, and an inner substituate-space section 30, which is in fluid communication 
with dialyzate space 1 1 via short capillaries 12 functioning as throttles. The sterile 
filter and hollow-fiber membranes 2 can readily be embedded in the sealing 
compound 4 and dividing wall 9 in a fluid-tight manner. During use of the 
embodiment of the hemodiafilter of the invention as shown in Figure 6, the dialysis 
liquid introduced into the housing via the inlet arrangement 13 is distributed 
uniformly in the outer substituate-space section over the entire periphery and flows 
completely through the sterile filer 28. The dialyzate 17 is introduced into the 
dialyzate space 1 1 through the short capillaries 12 distributed over the entire bundle 
cross-section in the dividing wall 9 in the area of inner substituate-space section 30. 

[0083] Figure 7 likewise shows a membrane module of the invention with 
integrated sterile filter 28, which divides the substituate space into an outer 
substituate-space section 29 and inner substituate-space section 30. In the module 
according to Figvu-e 7, in contrast to the module according to Figure 6, the short 
capillaries 12, fiinctioning as throttles, are arranged in the dividing wall in a ring 
shape aroxmd the hollow- fiber membrane bundle such that only the outer substituate- 
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space section 29 is in fluid communication with the dialyzate space 1 1 . The inner 
substituate-space section 30, on the other hand, is separated from the dialyzate space 
1 1 in a fluid-tight manner. In this embodiment, only the portion of the dialysis liquid 
16 that is delivered to the blood as substituate via the walls of hollow-fiber 
membranes 2 is subjected to sterile filtration. The predominant portion of the dialysis 
liquid 16 flows as dialyzate 17, which need not meet the stringent purity demands 
applying to the substituate, without passing through the sterile filter 28, from the outer 
substituate-space section 29 via the capillaries 12 in the dialyzate space 11. 

[0084] The membrane module of the invention as depicted in Figure 8 is 
similar in construction to that in Figure 7 and has a sterile filter 28 integrated into the 
membrane module, the sterile filter 28 dividing the substituate space into an outer 
substituate-space section 29 and an inner substituate-space section 30, the outer 
substituate-space section 29 being in fluid communication with the dialyzate space 1 1 . 
During use of this membrane module, this results in only the portion of the dialysis 
liquid 16 that is to be delivered to the blood as substituate being filtered by sterile 
filter 28, whereas the dialyzate portion 17 without this sterile filtration is passed 
directly into the dialyzate space 11, As in the module depicted in Figure 4, the 
throttle is constituted by an annular gap 20, which is formed in the area of dividing 
wall 9 between a sleeve 21 and the inner wall of housing 1. The sleeve 21 in the 
embodiment of Figure 8 corresponds to the one used in the membrane module of 
Figure 4, and reference is therefore made to the discussion of Figure 4 for the 
characteristics of the sleeve. 

[0085] Figure 9 is a simplified depiction of the basic constmction of a 
hemodiafiltration system in which a membrane module of the invention is used. In 
the hemodiafiltration system of Figure 9, which contains the membrane module or 
hemodiafilter 3 1 of the invention, the blood taken from the patient is routed in the 
direction of eutow "a" via a blood supply line 32 to the blood inlet arrangement 7 of 
the hemodiafilter 3 1 and through the lumina of the hollow-fiber membranes arranged 
in the membrane module. The purified blood is withdrawn from the hemodiafilter 3 1 
via its blood outlet arrangement 8, routed in the direction of arrow "a" via the blood 
withdrawal line 33 into a drip chamber 34 and re-introduced to the patient from that 
point. 
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[0086] The dialysis liquid is directed in the direction of arrow "b" via the 
dialysis liquid line 35 and inlet arrangement 13 for the dialysis liquid into the 
substituate space 10 of the hemodiafilter 31. To increase the pressure, a centrifugal 
pump can be installed in the dialysis liquid line 35. A portion of the dialysis liquid 
flows as substituate from the substituate space 10 via the walls of the hollow-fiber 
membranes arranged in the hemodiafilter 31 into their lumina, where the substituate is 
mixed with the blood flowing through the lumina. The predominant portion of the 
dialysis liquid flows as dialyzate into dialyzate space 1 1 via the throttles arranged in 
the dividing wall 9, which in this depiction are indicated as short capillaries 12. The 
dialyzate enriched with the ultrafiltrate withdrawn from the blood leaves the module 
via the outlet arrangement 14 for the dialyzate and is withdrawn via the dialyzate line 
36 in the direction of arrow "c" using dialyzate flow pxunp 37. The balancing unit 38 
provides for controlling the circulation of the dialysis liquid and dialyzate, and the 
ultrafiltrate pump 39 for adjusting the net filtrate stream withdrawn from the blood in 
the area of dialyzate space 11. In this case, the balancing unit 38 functions such that 
the volume stream delivered via the pump 37 is replaced by an identically large 
volume stream of fresh dialysis liquid. 

[0087] The hemodiafiltration system according to Figure 9 has been 
simplified considerably compared to known hemodiafiltration systems as a result of 
using the membrane module of the invention. For example, in online 
hemodiafiltration systems known for example from DE-A 196 07 162, separate 
devices are always required to remove a portion of the dialysis liquid as a substituate 
from the supply line for the dialysis liquid and deliver it via a separate supply line to 
the blood circuit, in which process however the liquid balance of the patient is 
centrally controlled by a central balancing unit that takes all liquids introduced and 
withdrawn into account. That is, the substituate is also accounted for by the balancing 
unit. When using the membrane module of the invention, separate devices such as 
supply lines or governing apparatus are not needed in the hemodiafiltration system for 
delivering the substituate to the blood circuit, since the separation of the dialysis 
liquid into dialyzate and substituate takes place in the membrane module itself via the 
at least one throttle employed of the invention. 
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WHAT IS CLAIMED IS : 

1. Membrane module for hemodiafiltration, comprising a cylinder- 
shaped housing (1) with a longitudinal extent, in which housing a bundle of hollow- 
fiber membranes (2) with semipermeable walls and capable of supporting fluid flow 
through their lumina is arranged in the direction of the longitudinal extent of the 
housing (1), the ends of the hollow-fiber membranes being embedded in a fluid-tight 
manner in first and second sealing compounds (3,4) joined to the housing inner wall 
in a fluid-tight manner, such that an exterior space delimited by the first and second 
sealing compounds (3,4) and the housing inner wall is formed around the hollow-fiber 
membranes (2), the exterior space along the longitudinal extent of the housing (1) 
being divided into a dialyzate space (11) and a substituate space (10) by a dividing 
wall (9) that is made from a substantially dimensionally stable material, encloses each 
hollow-fiber membrane (2), and is arranged substantially transversely to the hollow- 
fiber membrmes (2), the dialyzate space (1 1) and substituate space (10) each having 
at least one opening (13, 14) for introducing or draining a fluid, characterized in that 
at least one throttle is arranged in the exterior space via which the dialyzate space (11) 
and substituate space (10) are in fluid communication with each other. 

2. Membrane module according to Claim 1, characterized in that the 
dividing wall (9) is joined to the housing inner wall in a fluid-tight manner and the at 
least one throttle is integrated into the dividing wall (9). 

3. Membrane module according to Claim 2, characterized in that the at 
least one throttle integrated into the dividing wall (9) is at least one capillary (12,18), 
via the lumen of which the dialyzate space (11) and substituate space (10) are in fluid 
commxmication with each other. 

4. Membrane module according to Claim 3, characterized in that the at 
least one capillary (18) extends through the dialyzate space and terminates in the area 
of sealing compound (4) delimiting the dialyzate space (11) and that the opening of 
the dialyzate space (1 1) is adjacent to the dividing wall (9). 

5. Membrane module according to one or more of Claims 3 or 4, 
characterized in that a plurality of capillaries (12,18) are inserted into the dividing 
wall (9), the capillaries being arranged around the bundle of hollow-fiber membranes 
(2). 
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6. Membrane module according to Claim 3, characterized in that a 
single capillary (12,18) extending through the dialyzate space (1 1) is inserted into the 
dividing wall (9), the capillary being centrally arranged in the bundle of hollow-fiber 
membranes (2). 

7. Membrane module according to Claim 1, characterized in that the at 
least one throttle is an annular gap (20) that is formed between the dividing wall (9) 
and the housing inner wall. 

8. Membrane module according to Claim 1 , characterized in that the 
dividing wall (9) is embedded in a sleeve (19,21,24) and that the at least one throttle is 
an annular gap (20) that is formed between the outside of the sleeve (19,21,24) and 
the housing inner wall. 

9. Membrane module according to Claim 1, characterized in that a 
plurality of throttles are arrmiged in the form of annular-gap segments in the dividing 
wall (9) around the bxmdle of hollow-fiber membranes (2) or along the periphery of 
the dividing wall (9). 

10. Membrane module according to Claim 1, characterized in that the at 
least one throttle is adjustable. 

11. Membrane module according to one or more of Claims 1 to 10, 
characterized in that, viewed in the direction of the longitudinal extent of the housing 
(1), the ratio La/Ls of the length Ld of the dialyzate space (1 1) to the length Ls of the 
substituate space (10) is between 3 and 20. 

12. Membrane module according to Claim 1 1 , characterized in that the 
ratio is between 5 and 15. 

13. Membrane module according to one or more of Claims 1 to 12, 
characterized in that the dividing wall (9) consists of a sealing compoimd. 

14. Membrane module according to Claim 13, characterized in that the 
dividing wall (9) and first and second sealing compounds (3, 4) are made of the same 
material. 

15. Membrane module according to one or more of Claims 1 to 14, 
characterized in that the dividing wall (9) has a thickness between 1 and 15 mm. 

16. Membrane module according to one or more of Claims 1 to 15, 
characterized in that the housing (1) in the area of dialyzate space (11) tightly 
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encloses the bundle of hollow- fiber membranes (2) with its inside and exhibits an 
expanded cross-section in the area of dividing wall (9) and substituate space (10). 

17. Membrane module according to one or more of Claims 1 to 16, 
characterized in that, in the area of substituate space (10), a sterile filter (28) is 
arranged around the bundle of hollow-fiber membranes (2) and encloses the bundle. 

18. Membrane module according to Claim 17, characterized in that the 
sterile filter (28) is a microporous flat membrane. 

19. Membrane module according to one or more of claims 1 to 18, 
characterized in that the hollow-fiber membranes (2) have an ultrafiltration rate for 
water between 20 and 1500 ml/(h • m^ • mmHg). 

20. Membrane module according to one or more of Claims 1 to 19, 
characterized in that the hollow-fiber membranes (2) are impermeable to endotoxins. 

21. Use of the membrane module according to one or more of Claims 1 to 
20 for hemodiafiltration. 
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MEMBRANE MODULE FOR HEMODIAFILTRATION WITH 
INTEGRATED PRE- OR POST-DILUTION OF THE BLOOD 

Abstract: 

A membrane module for hemodiafiltration having a cylinder-shaped housing 
(1) and a bundle of hollow-fiber membranes (2) capable of supporting fluid flow and 
^ranged in the direction of the longitudinal extent of the housing (1). The ends of the 
hollow-fiber membranes (2) are embedded in a fluid-tight manner in first and second 
sealing compounds (3,4) joined to the housing inner wall in a fluid-tight manner. The 
exterior space formed around the hollow-fiber membranes (2) and delimited by the 
first and second sealing compounds (3,4) and the housing inner wall is divided along 
the longitudinal extent of the housing (1) into a dialyzate space (11) and a substituate 
space (10) by a dividing wall (9) that is made from a substantially dimensionally 
stable material. The dividing wall (9) encloses each hollow-fiber membrane (2) and is 
arranged substantially transversely to the hollow-fiber membranes (2). The dialyzate 
space (11) and substituate space (10) each have at least one opening (13,14) for 
introducing or draining a fluid. In the exterior space, at least one throttle is arranged 
by which the dialyzate space (11) and substituate space (10) are in fluid 
communication with each other. 



Figure 1 
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DECLARATION AND POWER OF ATTORNEY 
UNDER 35 use §371(c)(4) FOR 
FCT APPLICATION FOR UNITED STATES PATENT 

As a bdow named inventor, I hereby declare that: 

my residence, post office address and citizenship arc as stated below under my nanie; 

I verily believe I am the original, fiist and sole inventor (if only one name is listed below) or an original, first 
and joint inventor (if plural names are listed below) of the subject matter which is claimed and for which a patent is 

sought, namely the invention entitled: MEMBRANE MODULE FOR THE HEMODIAFILTRATION WITH 

INTEGRATED PRE> OR FOSTDfLUTtON OF THE BLOOD 

described and claimed in iniemationai application number PCT/EPOO/09179 filed September 20. 2000 . 

1 have reviewed and understand the contents of the above-identified specification. Including the claims, as 
amended by any amendment referred to above. 

T acknowledge the duty to disclose to the Oftice all infonnation known lo me lo be material to patentability as 
defined in Title 37, Code of Federal Regulations gl.56. 

Under Title 35, U.S. Code §1 19, the priority benefits of the following foreign application(s) filed by me or my 
l^al representatives or assigns within one year prior to my international application aie heiefay claimed: 

German Patent Application No. 199 47 901.1 filed October 6, 1999 

The following application(s) for patent or inventoi's certificate on this invention were filed in countries foreign 
to the United Slates of America either (a) more than one year prior to my International application, or (b) befbic the filing 
date of the above-named foreign priority application(s): 



I hereby iqipoint the following as my attorneys of record with full power of substitution and revocation to 
prosecute this application and to transact all business in the Patent Office: 
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Mario A. Costantino, Reg. No. 33,565 ; Stephen X Roe, Keg, No . 34,4^;' 
Joel S, Armstrong, Reg. No. 3i|,43&-Christopher W. Brown, Reg. No, 38,025s 
Richard E. Rice, Reg, No. 31 ^60; an d Pant Tson, Reg. No. 37,956. 
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BERRTOE> PLC, P.O. BOTCI9928, ALEXANDRIA, VIRGINIA 22320, TELEPHONE (703) 836-6400. " 
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and further that these statements were made with the knowledge that willful false statements and die like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such 
williul false statements may jeopardize the validity of the application or any patent issued thereon. 
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